Purpose. To identify factors that affect functional outcome one year after distal radial fracture treatment. Methods. 521 women and 121 men aged 16 to 92 (mean, 59) years with distal radial fractures underwent external fixation (n=123), open reduction and internal fixation (n=63), a combination of both (n=10), distal radial osteotomy for symptomatic malunion (n=90), or casting with (n=194) or without (n=162) prior closed manipulation under regional anaesthesia. The indication for surgery (rather than casting) was metaphyseal instability. Radiographic evaluation (dorsal angulation, radial shortening, carpal malalignment, and malunion) was made before and after treatment and after fracture healing. Functional evaluation (range of movement, grip strength, and activities of daily living) was made at a mean of 16 (range, 6-54) months after injury. Results. After multiple regression analysis, poorer functional score was associated with increasing age (p<0.001), dorsal angulation after healing (p<0.016),
not be associated with good functional outcome. 7, 8 Non-injury factors such as age, injury compensation, education, and comorbidities also affect patient-rated outcome. 9, 10 This study aimed to identify factors that affect functional outcome one year after distal radial fracture treatment.
Materials and Methods
Between January 2003 and July 2007, 521 women and 121 men aged 16 to 92 (mean±standard deviation, 59±17) years with distal radial fractures after a fall from standing height (n=486), a fall from a height (n=57), sporting activity (n=54), road traffic accident (n=32), or other (n=13) underwent external fixation (n=123), open reduction and internal fixation (n=63), a combination of both (n=10), distal radial osteotomy for symptomatic malunion (n=90), or casting with (n=194) or without (n=162) prior closed manipulation under regional anaesthesia. The indication for surgery (rather than casting) was metaphyseal instability. Patients with intra-articular displacement requiring open reduction were excluded. The mean age of the women was higher than that of the men (63 years vs. 41 years).
According to the AO classification, 11 fractures were classified as type A (n=262), type B (n=50), or type C (n=299); data for 31 patients were missing. 499 patients had dorsal (n=388), volar (n=33), or both (n=78) metaphyseal comminution; data for 6 patients were missing. 160 patients had carpal malalignment; data for 148 patients were missing.
Radiographic evaluation of the injured and opposite wrists was made before and after treatment and after fracture healing; data for 39 patients were missing. Dorsal angulation was defined as the degrees from the neutral position, with volar tilt in negative degrees.
12 Radial shortening was defined as the vertical distance between the ulnar border of the distal radius and the most distal point of the head of the ulna. 13 Carpal malalignment was defined as the dorsal or volar displacement of the longitudinal axis of the capitate in relation to the long axis of the radius. 4 Malunion was defined as a dorsal angle of >0º with carpal malalignment, a volar angle of <15º with carpal malalignment, radial shortening of >3 mm, or a combination of these.
Functional evaluation of both hands and wrists was made by a physiotherapist at a mean of 16 (range, 6-54) months after injury. Measurement was expressed as a percentage of the opposite uninjured side. Pain at rest was measured using a visual analogue scale (VAS). The range of movement was measured using a goniometer. Flexion, extension, pronation, supination, and radial and ulnar deviation were measured in triplicate and the mean was used to minimise intra-observer bias. The hand grip strength was measured using the second grip handle of the Jamar hand dynamometer. 14, 15 The strength was adjusted by 10% for the non-dominant hand. 16 Chuck, key, and pinch grip strengths were also measured. The functional score for activities of daily living was assessed using a validated system. 17 Raw scores were converted into percentages of the uninjured side.
The percentage of the functional score on the opposite uninjured side was tested for association with each factor separately by Spearman rank correlation or Kruskal-Wallis tests. Multiple ordinal logistic regression was used to test which factors predicted the difference in score between the injured and opposite sides after adjusting for one another. Multiple linear regression for each of the 11 quantitative measurements of the functional score was carried out using the value on the injured side as the dependent variable. A stepwise approach was used in which only those with independent predictive significance were retained. Distribution of scores of 5 functional tests were highly skewed and were analysed using parametric methods after logarithmic transformation. According to equations to predict the probability of malunion and carpal malalignment, 18 the correlations for probability of carpal malalignment and malunion were calculated for functional score and grip strength using Spearman rank correlation testing.
results
The mean dorsal angulation improved from 13.9º (range, -33º-56º) to 3.3º (-43º-48º) [p<0.001] and the mean ulnar variance improved from 2.1 (range, -0.6-28) mm to 1.9 (-0.6-12) mm (p<0.001). Complications developed included complex regional pain syndrome (n=12), carpal tunnel syndrome (n=17), pin site infection (n=19), and mal-union (n=44).
The mean functional score was 97% of the opposite normal side. 589 patients had a functional score of ≥90%, 53 scored <90%, and 3 scored <50%. Poorer functional score was associated with increasing age (p<0.001, Spearman rank correlation), female sex (p=0.026, Kruskal-Wallis test), dorsal angulation after healing (p<0.001, Spearman rank correlation), presence of volar comminution (p=0.002, Kruskal-Wallis test), positive ulnar variance after healing (p=0.031, Spearman rank correlation), lowenergy injury (p=0.026, Kruskal-Wallis test), and pain (p<0.001, Kruskal-Wallis test).
After multiple regression analysis, increasing age (p<0.001), dorsal angulation after healing (p<0.016), presence of volar comminution (p=0.005), and pain (p<0.001) remained significant for poorer scores.
The mean grip strength was 73.5% of the uninjured side. 442 patients regained ≥50% and 273 regained ≥75% of grip strength. Poorer grip strength was associated with non-dominant side injury, increasing age, dorsal angulation after healing, positive ulnar variance, comminution, and pain (all p<0.001, Table) . Better grip strength was associated with low-energy injuries, no comminution, and less shortening.
The mean supination and pronation of the injured arms at follow-up were 84.2º and 78.5º, respectively, which were both 97% those of the opposite arm. Decreased supination was associated with dorsal comminution (p=0.005, Spearman rank correlation), complex regional pain syndrome (p=0.015, Spearman rank correlation), and carpal tunnel syndrome (p=0.003, Spearman rank correlation). Decreased pronation was associated with female sex (p<0.001, Kruskal-Wallis test) and malunion (p=0.007, Spearman rank correlation). The mean flexion of the injured wrists at follow-up was 62.2º, which was 85% that of the opposite wrist. Better flexion was associated with injury on the dominant side (p<0.001, Kruskal-Wallis test), whereas poorer flexion was associated with increasing dorsal angulation after healing (p<0.001, Spearman rank correlation), carpal malalignment (p=0.002, Kruskal-Wallis test), and greater positive ulnar variance (p=0.011, Spearman rank correlation). The mean extension of the injured wrists at follow-up was 55.1º, which was 94% that of the opposite wrist. Lower extension was associated with the injury side (p=0.015, Kruskal-Wallis test), volar comminution (p=0.021, Kruskal-Wallis test), and positive ulnar variance (p=0.031, Spearman rank correlation). The prediction was further improved by complex regional pain syndrome or 6-week dorsal angulation (p<0.001, Spearman rank correlation) and again by one-year dorsal angulation (p<0.001, Spearman rank correlation). The flexion-extension arc of movement was associated with volar comminution, dorsal comminution, and positive ulnar variance (all p<0.001, Spearman rank correlation).
According to equations to predict the probability of malunion and carpal malalignment, 18 a higher probability of malunion correlated with a lower functional score (R= -0.12, p=0.002) and a worse grip strength (R=-0.16, p<0.001). A higher probability of carpal malalignment correlated with a lower functional score (R=-0.11, p=0.005) and a weaker grip strength (R= -0.13, p=0.001). The predicted malunion risk was added to the multiple regression model, but only improved the r 2 by 0.001. Predicted malunion showed colinearity with age (r=0.657), dorsal comminution (r=0.694), and dorsal angulation (r=0.626).
discussion
There is conflicting evidence for the effect of residual dorsal angulation on function, [19] [20] [21] [22] [23] [24] [25] [26] [27] possibly because of the difficulty in obtaining accurate measurements. 7 Carpal malalignment is associated with poorer recovery of grip strength and range of movement, 22 whereas a scapholunate angle of >25º is associated with poor outcome. 28 In our study, both residual dorsal angulation and carpal alignment were independent risk factors for poor outcome. Positive ulnar variance is associated with pain, 29 weak grip strength, 30 increased risk of arthrosis in the long term, 19 and poorer functional outcome. 24, 26, 28, 31 However, none of these studies adjusted for age.
The equations to predict the probability of malunion of distal radial fractures were a surrogate measure for severity of an extra-articular or minimal articular fracture. 18 A higher probability of malunion was associated with a lower functional score and weaker grip strength; the more severe the fracture the worse the outcome regardless of the final radiological outcome.
This study had limitations. The Disabilities of the Arm, Shoulder and Hand Score was not measured, nor was psychological status, illness behaviour, socioeconomic status, or injury compensation; all of which have been shown to affect outcome. 10, 31, 32 Fractures with articular displacement occur in <5% of distal radius fractures, 33 but in our study, only extraarticular fractures or undisplaced fractures were included.
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